IMAGE DRAWING METHOD, IMAGE DRAWING APPARATUS, 
RECORDING MEDIUM, AND PROGRAM 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image drawing 

method and an image drawing apparatus. Further, the present 
invention relates to a recording medium which stores a program 
for carrying out image processing, and the program itself. 
[0002] In recent years, there has been a rapid advancement 
of computer graphics techniques, such as hidden line removal, 
hidden surface removal, smooth shading, and texture mapping 
thanks to the dramatic development of hardware. 

[0003] Generally, with computer graphics techniques, images 
are generated by the following procedure. Firstly, a plural- 
ity of three-dimensional objects are generated by three- 
dimensional modeling. Then, rendering is performed by adding 
optical properties such as specular reflection, diffuse re- 
flection, refraction, and transparency to the objects using 
shading techniques, by adding surface patterns to the objects, 
and by plotting images depending on surroundings, such as a 
window and scenery reflections and ambient light. 
[0004] According to a conventional method, the movement of 
fluid, such as flowing water or flowing smoke, can be drawn by 
randomly moving many objects, and thereafter mapping a texture 
image of water or smoke on each of the objects. 

[0005] In rendering a polygon, generally, a perspective 

transformation is performed for each vertex of the polygon by 
a geometry processor and the transformed polygon is drawn by a 
drawing processor in an image memory for displaying images. 

[0006] For example, it is assumed that "n" objects are ran- 
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domly moved, and thereafter, a texture image is mapped on each 
of the objects. In this example, the above described process 
for rendering a polygon needs to be performed for each of the 
"n" objects. That is, the perspective transformation needs to 
be performed "n" times for each vertex of the polygons, and 
the drawing operation needs to be performed "n" times for each 
of the polygons. 

[0007] Since many objects are required to make the flowing 
water or flowing smoke realistic, considerable time and com- 
plicated calculations are needed for the above rendering proc- 
ess. As a result, the objects are displayed at a slow speed 
on a monitor. 
SUMMARY OF THE INVENTION 

[0008] The present invention has been made taking the above 

problem into account, and an object of which is to provide an 
image drawing method, an image drawing apparatus, a recording 
medium, and a program which make it easier to draw a randomly 
changing image of an object such as a flame. 

[0009] Another object of the present invention is to pro- 
vide an image drawing method, an image drawing apparatus, a 
recording medium, and a program which make it easier to draw a 
shimmering object or area which shimmers under the influence 
of heat waves of a flame, exhaust air or the like. 
[0010] Another object of the present invention is to pro- 
vide an image drawing method, an image drawing apparatus, a 
recording medium, and a program which make it easier to draw a 
randomly changing image of an object such as a flame and a 
shimmering object or area around the randomly changing image. 
[0011] According to an image drawing method of the present 
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invention, a randomly changing image of an object is drawn by 

establishing a drawing pattern of the object, the 
drawing pattern including a plurality of extraction areas, 
each extraction area including a portion of the drawing pat- 
tern; 

extracting the portion of the drawing pattern from 
one of the extraction areas; 

combining the extracted portion of the drawing pat- 
tern and a mask pattern to draw a composite image; and 

repeating the extracting and combining steps for a 
next extraction area located at a predetermined distance in a 
defined direction from a previous extraction area. 
[0012] An image drawing apparatus of the present invention 
for drawing a randomly changing image of an object includes 

means for establishing a drawing pattern of the ob- 
ject, the drawing pattern including a plurality of extraction 
areas, each extraction area including a portion of the drawing 
pattern; 

means for extracting the portion of the drawing pat- 
tern from one of the extraction areas such that the one ex- 
traction area is advanced by a predetermined distance in a de- 
fined direction after each extraction; and 

means for combining the extracted portion of the 
drawing pattern and a mask pattern to draw a composite image. 
[0013] In a recording medium of the present invention, a 

recording medium is recorded with a program and data for draw- 
ing a randomly changing image of an object, the program in- 
cluding 

establishing a drawing pattern of the object, the 
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drawing pattern including a plurality of extraction areas, 
each extraction area including a portion of the drawing pat- 
tern; 

extracting the portion of the drawing pattern from 
one of the extraction areas; 

combining the extracted portion of the drawing pat- 
tern and a mask pattern to draw a composite image; and 

repeating the extracting and combining steps for a 
next extraction area located at a predetermined distance in a 
defined direction from a previous extraction area. 
[0014] According to a program of the present invention, a 
program readable and executable by a computer for drawing a 
randomly changing image of an object includes 

establishing a drawing pattern of the object, the 
drawing pattern including a plurality of extraction areas, 
each extraction area including a portion of the drawing pat- 
tern; 

extracting the portion of the drawing pattern from 
one of the extraction areas; 

combining the extracted portion of the drawing pat- 
tern and a mask pattern to draw a composite image; 

outputting the composite image for display on a 
monitor; and 

repeating the extracting, combining and outputting 
steps for a next extraction area located at a predetermined 
distance in a defined direction from a previous extraction 
area . 

[0015] Thus, according to the present invention, a process- 

ing sequence establishes a drawing pattern of an object, the 
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drawing pattern including a plurality of extraction areas, 
each extraction area including a portion of the drawing 
pattern, extracts the portion of the drawing pattern from one 
of the extraction areas, and combines the extracted portion of 
the drawing pattern and a mask pattern to draw a composite im- 
age. The processing sequence is repeated as the extraction 
area is shifted by a predetermined distance in a defined di- 
rection after each extracting step. Accordingly, it is possi- 
ble to generate a drawing pattern showing an object having a 
variously (randomly) changing shape. 

[0016] That is, according to the present invention, it is 
possible to easily draw a randomly changing image of an ob- 
ject, such as a flame, smoke or flowing water. Such an image 
can be utilized, for example, for drawing a background image 
for allowing a user to enjoy an exciting game. 

[0017] The above processing sequence may further include 
randomly selecting the mask pattern from a plurality of mask 
patterns . 

[0018] According to another image drawing method of the 
present invention, a revised image including a shimmering im- 
age is drawn in a background image by 

randomly altering a portion of the background image 
to generate an altered image; 

combining the altered image and a mask pattern to 
generate a composite image; 

combining the composite image and a remaining por- 
tion of the background image to draw a revised image; and 

repeating the randomly altering step and the combin- 
ing steps. 
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[0019] Another image drawing apparatus of the present in- 
vention draws a revised image including a shimmering image and 
a background image. The apparatus includes 

means for randomly altering a portion of the back- 
ground image to generate an altered image; 

means for combining the altered image and a mask 
pattern to generate a composite image; and 

means for combining the composite image and a re- 
maining portion of the background image to draw a revised im- 
age . 

[0020] Another recording medium in accordance with the pre- 
sent invention is recorded with a program and data for drawing 
a revised image including a shimmering image and a background 
image, the program including 

randomly altering a portion of the background image 
to generate an altered image; 

combining the altered image and a mask pattern to 
generate a composite image; 

combining the composite image and a remaining por- 
tion of the background image to draw a revised image; and 

repeating the randomly altering step and the combin- 
ing steps . 

[0021] According to another program of the present inven- 
tion, a program readable and executable by a computer for 
drawing a revised image including a shimmering image and a 
background image includes 

randomly altering a portion of the background image 
to generate an altered image; 

combining the altered image and a mask pattern to 
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generate a composite image; 

combining the composite image and a remaining por- 
tion of the background image to draw a revised image; 

outputting the revised image for display on a moni- 
tor; and 

repeating the randomly altering step, the combining 
steps and the outputting step. 

[0022] Thus, according to the present invention, a process- 

ing sequence randomly alters a portion of the background image 
to generate an altered image, combines the altered image and a 
mask pattern to generate a composite image, and combines the 
composite image and a remaining portion of the background im- 
age to draw a revised image. The randomly altering step and 
the combining steps are repeated to generate a shimmering area 
having a variously changing shape in the background image. 
[0023] That is, according to the present intention, it is 
possible to easily draw a realistic image of a shimmering im- 
age of an object or an area which shimmers under the influence 
of heat waves of a flame, exhaust air or the like. Such an 
image can be utilized, for example, for drawing an area around 
a flame or exhaust air from a motor vehicle in a background 
for allowing a user to enjoy an exciting video game. 
[0024] In the last-described processing sequence, the ran- 

domly altering step may include 

capturing the portion of the background image as a 
texture image and drawing the texture image in a predetermined 
texture area; 

randomly selecting an animation pattern from a plu- 
rality of animation patterns; and 
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altering the texture image according to the selected 
animation pattern to form the altered image. 

[0025] According to a still further image drawing method of 
the present invention, a randomly changing image of an object 
is drawn and a shimmering image is drawn around the randomly 
changing image. The method includes 

randomly altering a portion of a background image to 
generate an altered image; 

combining the altered image and a mask pattern to 
draw a composite image; 

combining the composite image and a remaining por- 
tion of the background image to generate a revised image; 

establishing a drawing pattern of the object, the 
drawing pattern including a plurality of extraction areas, 
each extraction area including a portion of the drawing pat- 
tern; 

extracting the portion of the drawing pattern from 
one of the extraction areas; 

combining the extracted portion of the drawing pat- 
tern and another mask pattern to generate another composite 
image; 

combining the another composite image and the re- 
vised image to draw a combined image; and 

repeating the extracting step, the step of combining 
the extracted portion and the another mask, and the step of 
combining the another composite image and the revised image 
for a next extraction area located at a predetermined distance 
in a defined direction from a previous extraction area. 
[0026] A still further image drawing apparatus in accor- 
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dance with the present invention draws a randomly changing im- 
age of an object and a shimmering image around the randomly 
changing image. The image drawing apparatus includes 

means for randomly altering a portion of a back- 
ground image to generate an altered image; 

means for combining the altered image and a mask 
pattern to draw a composite image; 

means for combining said composite image and a re- 
maining portion of said background image to generate a revised 
image; 

means for establishing a drawing pattern of the ob- 
ject, the drawing pattern including a plurality of extraction 
areas, each extraction area including a portion of the drawing 
pattern; 

means for extracting the portion of the drawing pat- 
tern from one of the extraction areas such that the one ex- 
traction area is advanced by a predetermined distance in a de- 
fined direction after each extraction; 

means for combining the extracted portion of the 
drawing pattern and another mask pattern to generate another 
composite image; and 

means for combining the another composite image and 
the revised image to draw a combined image. 

[0027] A further recording medium in accordance with the 
present invention is recorded with a program and data for 
drawing a randomly changing image of an object and a shimmer- 
ing image around the randomly changing image. The program in- 
cludes 

randomly altering a portion of a background image to 
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generate an altered image; 

combining the altered image and a mask pattern to 
draw a composite image; 

combining the composite image and a remaining por- 
tion of the background image to generate a revised image; 

establishing a drawing pattern of the object, the 
drawing pattern including a plurality of extraction areas, 
each extraction area including a portion of the drawing pat- 
tern; 

extracting the portion of the drawing pattern from 
one of the extraction areas; 

combining the extracted portion of the drawing pat- 
tern and another mask pattern to generate another composite 
image ; 

combining the another composite image and the re- 
vised image to draw a combined image; and 

repeating the extracting step, the step of combining 
the extracted portion and the another mask, and the step of 
combining the another composite image and the revised image 
for a next extraction area located at a predetermined distance 
in a defined direction from a previous extraction area. 
[0028] In accordance with a further program of the present 
invention readable and executable by a computer, a randomly 
changing image of an object is drawn, and a shimmering image 
is drawn around the randomly changing image, the program in- 
cluding 

randomly altering a portion of a background image to 
generate an altered image; 

combining the altered image and a mask pattern to 
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draw a composite image; 

combining the composite image and a remaining por- 
tion of the background image to generate a revised image; 

establishing a drawing pattern of the object, the 
drawing pattern including a plurality of extraction areas, 
each extraction area including a portion of the drawing pat- 
tern; 

extracting the portion of the drawing pattern from 
one of the extraction areas; 

combining the extracted portion of the drawing pat- 
tern and another mask pattern to generate another composite 
image ; 

combining the another composite image and the re- 
vised image to draw a combined image; 

outputting the combined image for display on a moni- 
tor; and 

repeating the extracting step, the step of combining 
the extracted portion and the another mask, the step of com- 
bining the another composite image and the revised image, and 
the outputting step for a next extraction area located at a 
predetermined distance in a defined direction from a previous 
extraction area. 

[0029] Thus, according to the present invention, a process- 

ing sequence randomly alters a portion of a background image 
to generate an altered image, combines the altered image and a 
mask pattern to generate a composite image, combines the com- 
posite image and a remaining portion of the background image 
to generate a revised image, establishes a drawing pattern of 
the object, the drawing pattern including a plurality of ex- 
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traction areas, each extraction area including a portion of 
the drawing pattern, extracts the portion of the drawing pat- 
tern from one of the extraction areas, combines the extracted 
portion of the drawing pattern and another mask pattern to 
generate another composite image, and combines the another 
composite image and the revised image to draw a combined im- 
age. The sequence is repeated to generate a drawing pattern 
showing a variously (randomly) changing object, and a vari- 
ously changing (shimmering) area around the object in the 
background image. 

[0030] That is, according to the present invention, it is 
possible to easily draw a realistic randomly changing image of 
an object, such as a flame, smoke or flowing water, and a re- 
alistic shimmering image around the randomly changing image. 
Such images can be utilized, for example, for drawing a ran- 
domly changing flame and a shimmering area around the flame in 
a background image for allowing a user to enjoy an exciting 
video game . 

[0031] The foregoing processing sequence may include 

capturing the portion of the background image as a 
texture image and drawing the texture image in a predetermined 
area; 

randomly selecting an animation pattern from a 
plurality of animation patterns; and 

altering the textured image according to the se- 
lected animation pattern to form the altered image. 
[0032] The above and other objects, features, and advan- 
tages of the present invention will become more apparent from 
the following description when taken in conjunction with the 
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accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a view showing an arrangement of an 

entertainment system according to the present invention; 
[0034] FIG. 2 is a view showing an example of addressing an 

image memory; 

[0035] FIG. 3 is a view showing a flame as an example of a 

randomly changing object and a shimmering area around the 
flame in a background image; 

[0036] FIG. 4 is a view showing an area (shown by a dashed 
line) for drawing the shimmering area which includes an area 
(shown by a two-dot dashed line) for drawing the flame in the 
background image; 

[0037] FIG. 5 is a view showing a drawing pattern of the 

flame; 

[0038] FIG. 6 is a view showing an example of a mask pat- 

tern; 

[0039] FIG. 7 is a functional block diagram of image draw- 
ing means according to the present invention; 

[0040] FIG. 8 is a flow chart showing a processing sequence 
(No.l) of the image drawing means according to the present in- 
vention; and 

[0041] FIG. 9 is a flow chart showing another processing 
sequence (No. 2) of the image drawing means according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0042] An embodiment of an image drawing method, an image 
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drawing apparatus, a recording medium, and a program according 
to the present invention as applied to an entertainment system 
for executing various programs (hereinafter simply referred to 
as the entertainment system according to the present inven- 
tion) will be described with reference to the drawings. 
[0043] As shown in FIG. 1, the entertainment system 10 ac- 
cording to the present invention basically comprises an enter- 
tainment apparatus 12 for executing various programs, a memory 
card 14 detachably connected to the entertainment apparatus 
12, a manual controller 16 detachably connected to the enter- 
tainment apparatus 12, and a monitor (display) 18, such as a 
television receiver, which is supplied with video and audio 
signals from the entertainment apparatus 12. 

[0044] The entertainment apparatus 12 reads a program re- 

corded in a mass storage medium, such as an optical disk 20 
such as a CD-ROM or the like, and executes a game, for exam- 
ple, based on the program depending on commands supplied from 
a user, e.g., a game player, via the manual controller 16. 
The execution of the game mainly represents controlling the 
progress of the game by controlling the display of images and 
the generation of sounds on the monitor 18 based on manual in- 
put actions entered from the manual controller 16. 
[0045] As shown in FIG. 1, the entertainment apparatus 12 
generally comprises a control system 200, a graphic generating 
system 204 connected to the control system 200 via a system 
bus 202, a sound generating system 205 connected to the con- 
trol system 200 via the system bus 202, and an optical disk 
control system 208 connected to the control system 200 via the 
system bus 202. A communication controller 210 for control- 
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ling data to be inputted to and outputted from the manual con- 
troller 16 and the memory card 14 is also connected to the 
control system 200 via the system bus 202. 

[0046] The manual controller 16 supplies commands (includ- 
ing manipulation data) from the user via the communication 
controller 210 and another unillus trated communication con- 
troller to the entertainment apparatus 12. The optical disk 
control system 208 includes an optical disk drive 212 in which 
the optical disk 20 is loaded. The optical disk 20 may com- 
prise a CD-ROM or the like as a specific example of a record- 
ing medium according to the present invention. 

[0047] The control system 200 controls motions of charac- 
ters displayed on the monitor 18 based on a program and data 
read from the optical disk 2 0 and commands supplied from the 
manual controller 16. 

[0048] The control system 200 includes a micro processing 
unit (MPU) 220, a main memory 222, a peripheral device con- 
troller 224, a ROM 226, and a real-time clock (RTC) 228. The 
MPU 220 controls the entertainment system 12. The main memory 
222 stores various programs to be executed and various data. 
That is, the main memory 222 at least stores a game program so 
that the game program can be executed on the main memory 222. 
The peripheral device controller 224 controls interrupts and 
direct memory access (DMA) data transfer. The ROM 226 stores 
various programs such as an operating system for managing the 
graphic system 204, the sound generating system 206, etc. 
Further, the ROM 226 stores information for controlling kernel 
or the like, and information for performing an OSD function. 
[0049] The MPU 220 controls the entertainment apparatus 12 

-15- 



in its entirety by executing the operating system stored in 
the ROM 226. The MPU 220 may comprise a 32-bit RISC-CPU, for 
example . 

[0050] When the entertainment apparatus 12 is turned on, 
the MPU 22 0 executes the operating system stored in the ROM 
226 to start controlling the graphic generating system 204, 
the sound generating system 206, etc. 

[0051] When the operating system is executed, the MPU 220 

initializes the entertainment apparatus 12 in its entirety for 
checking its operation, and thereafter controls the optical 
disc control system 208 to execute an application program, 
such as a game program recorded in the optical disk 20. 

[0052] As the application program, such as a game program, 

is executed, the MPU 220 controls the graphic generating sys- 
tem 204, the sound generating system 206, etc. depending on 
commands entered from the user for thereby controlling the 
display of images and the generation of music sounds and sound 
effects . 

[0053] The graphic generating system 204 comprises a vector 

operation unit 230 for performing floating-point vector opera- 
tions required for geometry processing, an image processor 232 
for generating image data under the control of the MPU 220 and 
outputting the generated image data to a monitor 18, e.g., a 
CRT, a graphic interface (GIF) 234 for serving as transfer 
paths between the MPU 220, the vector operation unit 230, and 
the image processor 232, and an image decoder 236 for decoding 
image data compressed and encoded by an orthogonal transform, 
such as a discrete cosine transform. 

[0054] The image processor 232 comprises a rendering engine 
-16- 



240, a memory interface 242, an image memory 244, and a dis- 
play controller 246, such as a programmable CRT controller or 
the like. 

[0055] The rendering engine 240 serves to render and store 
image data in the image memory 244 via the memory interface 
242 based on a rendering command supplied from the MPU 220. 

[0056] A first bus 248 is connected between the memory 
interface 242 and the rendering engine 240, and a second bus 
250 is connected between the memory interface 242 and the 
image memory 244. Each of the first and second buses 248, 250 
has a 128-bit width, for example, for allowing the rendering 
engine 240 to render and store image data in the image memory 
244 at a high speed. 

[0057] The rendering engine 240 is capable of rendering im- 
age data of 320 x 240 pixels or image data of 640 x 480 pixels 
according to the NTSC or PAL system on a real-time fashion, 
i.e., more than ten times to several ten times in 1/60 seconds 
to 1/30 seconds. 

[0058] The image memory 244 is a unified memory structure 

that is able to designate a texture rendering area and a dis- 
play rendering area as the same area. For example, in FIG. 2, 
a frame buffer 244a, a Z-buffer 244b, and a texture buffer 
244c are designated by logical addressing in the image memory 
244, respectively. Alternatively, the Z-buffer may be sepa- 
rately designated in another memory by physical addressing. 
[0059] As shown in FIG. 1, the display controller 246 

writes texture data read from the optical disk 20 via the op- 
tical disk drive 212 or texture data generated in the main 
memory 222 via the memory interface 242 into the texture 
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buffer 244c of the image memory 244, and reads image data 
stored in the frame buffer 244a of the image memory 244 via 
the memory interface 242 and outputs the read image data to 
the monitor 18 to display an image on its display screen. 
[0060] The sound generating system 206 comprises a sound 

processing unit (SPU) 260 for generating music sounds, sound 
effects, etc. based on instructions from the MPU 220, and a 
sound buffer 262 for storing music sounds, sound effects, etc. 
generated by the SPU 260. Audio signals representing music 
sounds, sound effects, etc. generated by the SPU 260 are sup- 
plied to audio terminals of the monitor 18. The monitor 18 
has a speaker 264 which radiates music sounds, sound effects, 
etc. generated by the SPU 2 60 based on the supplied audio sig- 
nals . 

[0061] The SPU 260 has an ADPCM (adaptive differential PCM) 
function for reproducing 16-bit sound data which has been en- 
coded as 4-bit differential sound data by ADPCM, a reproducing 
function for reproducing waveform data stored in the sound 
buffer 262 to generate sound effects, etc., and a modulating 
function for modulating and reproducing the waveform data 
stored in the sound buffer 262. 

[0062] The sound system 206 with these functions can be 

used as a sampling sound source which generates music sounds, 
sound effects, etc. based on the waveform data stored in the 
sound buffer 2 62 according to instructions from the MPU 220. 
[0063] The optical disk control system 208 comprises an 

optical disk drive 212 for reproducing application programs 
and data recorded on the optical disk 20, a decoder 270 for 
decoding programs and data that are recorded with an error 
correcting code added thereto, and a buffer 272 for 



ing code added thereto, and a buffer 272 for temporarily stor- 
ing data read from the optical disk drive 212 so as to allow 
the data from the optical disk 20 to be read at a high speed. 
A CPU 274 is connected to the decoder 270. 

[0064] Sound data recorded on the optical disk 20 which is 
read by the optical disk drive 212 includes PCM data converted 
from analog sound signals, in addition to the ADPCM data. 
[0065] The ADPCM data, which is recorded as 4-bit differen- 
tial data of 16-bit digital data, is decoded by the decoder 
270, supplied to the SPU 260, converted thereby into analog 
data, and applied to drive the speaker 2 64. 

[0066] The PCM data, which is recorded as 16-bit digital 
data, is decoded by the decoder 27 0 and then applied to drive 
the speaker 2 54. 

[0067] Next, two characteristic functions of the entertain- 
ment system 10 according to an embodiment of the present in- 
vention will be described with reference to FIGS. 3 through 9. 
[0068] The first characteristic function of the entertain- 

ment system 10 is to draw an object such as a flame whose 
shape changes randomly. The second characteristic function of 
the entertainment system 10 is to draw a shimmering object or 
area which shimmers (wavers) under the influence of heat waves 
of a flame, exhaust air or the like. 

[0069] As a specific example, FIG. 3 shows an animation of 
a torch burning with a flickering flame 100 on a wall 102. 
The shape of the flame 100 changes randomly. Further, an area 
150 of the wall 102 around the flame 100 shimmers under the 
influence of heat of the flame 100. The drawing process of 
the animation will be described below. 
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[0070] The shimmering area 150 around the flame 100 is 
drawn in the following manner. It is assumed that the back- 
ground image of a wall 102 is constructed from a plurality of 
bricks. An area 105 (shown by a dashed line) of the back- 
ground image 102 in FIG. 4 is captured as a texture image and 
drawn in a predetermined area in the texture buffer 244c. The 
area 106 corresponds to the shimmering area 150, and includes 
an area 104 (shown by a two-dot dashed line) for drawing the 
flame 100. 

[0071] Then, the texture image captured in the texture 
buffer 244c is altered (animated) according to an animation 
pattern selected based on a random number. The altered tex- 
ture image and a mask pattern are combined to draw a composite 
image as a new background image. The size of the texture im- 
age and the size of the mask pattern are the same. 
[0072] More specifically, a plurality of animation patterns 
are designed in advance. Each animation pattern comprises an 
arrangement of motion data. In drawing the shimmering area 
150, one animation pattern is selected from the plurality of 
animation patterns based on, for example, a random number. In 
each frame, one piece of the motion data is read from the plu- 
rality of motion data registered in the selected animation 
pattern. The read motion data is used to draw an altered tex- 
ture image which has moved from the previous texture image. 
In this manner, the texture image moves slowly, i.e., shimmers 
based on the animation pattern. At this time, the texture im- 
age may be blurred. 

[0073] The randomly changing flame 100 is drawn in the fol- 
lowing manner. Firstly, a drawing pattern 114 for the flame 
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100 is prepared and drawn in the texture buffer 244c, for ex- 
ample. As shown in FIG. 5, the drawing pattern 114 may be 
generated by combining, for example, two vertically extending 
patterns, i.e., a yellowish pattern 110 for an inner area 100a 
of the flame 100 and a reddish pattern 112 for an outer area 
100b of the flame 100 (see FIG. 3) . 

[0074] Then, the drawing pattern 114 is partially extracted 
and drawn in the frame buffer 24 4a of the image memory 244 for 
drawing the area 104, i.e., for drawing the flame 100 (see 
FIG. 4) . In FIG. 5, extraction areas of the drawing pattern 
114 are indicated by dashed lines PI, P2, Pn . A drawing 

pattern VPj corresponding to an extraction area Pj is ex- 
tracted from the drawing pattern 114. Then, the extracted 
drawing pattern VPj and a random mask pattern Mj (see FIG. 6) 
as described later are combined for drawing a composite image 
in the frame buffer 244a. The extraction area for extracting 
a part of the drawing pattern 114 is updated sequentially. 
That is, the position of the extraction area is shifted in 
every frame downwardly at a predetermined pitch from PI to P2 , 
from P2 to P3, from P (n-1) to Pn . 

[0075] In this manner, the drawing pattern 114 can be ex- 

pressed as if the drawing pattern 114 were scrolling upwardly. 
After the extraction area is shifted to the last extraction 
area Pn and the bottom part of the drawing pattern 114, i.e., 
the drawing pattern VPn is extracted, the extraction area 
shifts back to the initial position Pi for extracting the top 
part of the drawing pattern 114, i.e., the drawing pattern VPl 
again . 

[0076] In drawing the drawing pattern VPj extracted from 
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the drawing pattern 114 in the frame buffer 24 4a, the random 
mask pattern Mj shown in FIG. 6 is selected from a plurality 
of different mask patterns Ml, M2 , Mn . The extracted 

drawing pattern VPj and the selected mask pattern Mj are com- 
bined to draw a composite image. 

[0077] The mask pattern Mj generally comprises a data ar- 

rangement of composition ratios (alpha values) set for respec- 
tive pixels for combining the background image (wall) 102 and 
the extracted drawing pattern VPj. That is, each pixel has 
its alpha value . 

[0078] For example, the alpha values in the mask pattern Mj 

are set in the following manner. Alpha values in an area 120 
corresponding to the inner area 100a of the flame 100 are se- 
lected such that color components of the drawing pattern VPj 
are predominantly utilized in respective pixels. That is, the 
drawing pattern VPj is emphasized in the area 120. Alpha val- 
ues in an area 122 corresponding to the outer area 100b of the 
flame 100 are selected such that color components of the back- 
ground image 102 and the color components of the drawing pat- 
tern VPj are equally utilized in respective pixels. That is, 
the image of the drawing pattern VPj is translucent in the 
area 122. Alpha values on a border 124 corresponding to the 
outline of the flame 100 are selected such that anti-aliasing 
is performed. Alpha values in an outer area 12 6 outside the 
border 124 of the flame 100 are selected such that only the 
color components of the background image 102 are utilized in 
respective pixels. 

[0079] In this manner, the alpha values are differently set 

in the respective areas. As described above, the mask pattern 
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Mj selected from the mask patterns Ml, M2 , Mn based on a 

random number, for example, is combined with the extracted 
drawing pattern VPj to draw a composite image in the frame 
buffer 244a of the image memory 244. 

[0080] By repeating the above processing sequence, it is 
possible to draw a randomly changing object such as the flame 
100 easily. 

[0081] Next, an example of software (image drawing program 
300) for carrying out the above-described two characteristic 
functions, i.e., for drawing the flame 100 and the shimmering 
area 150 around the flame 10 0 at the same time, as shown in 
FIG. 3, will be described with reference to FIGS. 7 through 9. 
[0082] The image drawing program 300 can be supplied from a 
randomly accessible recording medium, such as an optical disk 
20, a memory card 14 or the like, to the entertainment appara- 
tus 12. Alternatively, the image drawing program 300 can be 
downloaded via a network such as the Internet or downloaded 
via a satellite communication or the like to the entertainment 
apparatus 12. In the following explanation, it is assumed 
that the image drawing program 300 is supplied from an optical 
disk 20. 

[0083] Specifically, the optical disk 20 is played back by 

the optical disk drive 212 to read the image drawing program 
300, and the read image drawing program 300 is stored in the 
main memory 222 in the control system 200 of the entertainment 
apparatus 12 by a predetermined process. Thereafter, the im- 
age drawing program 300 is executed by the MPU 220 of the con- 
trol system 200 of the entertainment apparatus 12. 
[0084] As shown in FIG. 7, the image drawing program 300 
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comprises random drawing means 302, shimmer drawing means 304, 
process determining means 306, and image displaying means 308. 
[0085] The random drawing means 302 extracts a partial 
drawing pattern VPj of an extraction area from the drawing 
pattern 114 such that the extraction area is shifted by a pre- 
determined distance in one direction in each extraction for 
allowing the drawing pattern 114 of the flame 100 to move 
(scroll) at a constant speed. Further, the random drawing 
means 302 combines the partial drawing pattern VPj and the 
random mask pattern Mj to draw a composite image. The shimmer 
drawing means 304 randomly alters a portion of the background 
image 102 and generates a new background image. Further, the 
shimmer drawing means 304 combines the new altered portion of 
the background image and a mask pattern to draw a composite 
image as the part of the background image 102. The process 
determining means 30 6 determines whether or not each of the 
drawing processes has been finished. The image displaying 
means 30 8 outputs image data drawn in the image memory 244 to 
the monitor 18 so that the outputted image data can be dis- 
played on the screen of the monitor 18. 

[0086] The random drawing means 302 comprises extracting 
means 310, pattern selecting means 312, and first drawing 
means 314. The extracting means 302 extracts a partial draw- 
ing pattern VPj of an extraction area from the drawing pattern 
114 such that the extraction area is shifted by a predeter- 
mined distance in one direction in each extraction for allow- 
ing the drawing pattern 114 of the flame 100 to move at a con- 
stant speed. The pattern selecting means 312 selects a random 
mask pattern Mj from a plurality of mask patterns Ml, M2, 
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Mn . The first drawing means 314 combines the partial drawing 
pattern VPj and the random mask pattern Mj to draw a composite 
image in the frame buffer 244a of the image memory 244. 
[0087] The shimmer drawing means 304 comprises texture cap- 

turing means 320, pattern selecting means 322, texture alter- 
ing means 324, and second drawing means 326. The texture cap- 
turing means 320 captures a portion of the background image 
102 and draws the captured partial background image as a tex- 
ture image in a predetermined area of the texture buffer 244c. 
The pattern selecting means 322 selects a random animation 
pattern Aj from a plurality of animation patterns Al, A2, 
An. The texture altering means 324 alters the texture image 
according to the selected animation pattern Aj . The second 
drawing means 32 6 combines the altered texture image and a 
mask pattern Mj to generate a composite image, and draws the 
generated composite image in the portion of the background im- 
age 102. That is, the composite image is combined with a re- 
maining portion of the background image to draw a revised 
background image. 

[0088] Next, the processing sequence of the image drawing 
program 300 will be described with reference to the flow 
charts shown in FIGS. 8 and 9. 

[0089] Firstly, in Step SI of FIG. 8, the image drawing 

program 300 calculates a position (coordinates) and a size of 
the flame 100 on the screen based on a position of the flame 
100 and a viewing position in the world coordinate system. It 
is assumed that objects such as the flame 100 are viewed from 
the viewing position. The viewing position may be a position 
of a main character in the world coordinate system. However, 
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any suitable position can be used as the viewing position. 
[0090] Then, in Step S2, the image drawing program 300 cal- 
culates an area 106 (see FIG. 4) corresponding to the shimmer- 
ing area 150 based on the size of the flame 100. 

[0091] Next, in Step S3, the image drawing program 300 

draws the drawing pattern 114 (see FIG. 5) based on the size of 
the flame 100 in a predetermined area of the texture buffer 
244c. Then, in Step S4, the image drawing program 300 draws 
the background image 102 in the frame buffer 244a of the image 
memory 2 44 . 

[0092] Then, control passes to the process of the shimmer 
drawing means 304. In Step S5, the texture capturing means 
320 captures the area 106 of the background image 102 as a 
texture image and draws the captured texture image in another 
predetermined area of the texture buffer 244c. The area 106 
corresponds to the shimmering area 150. 

[0093] Then, in Step S6, it is determined whether an anima- 
tion pattern needs to be read out or not. If it is determined 
that an animation pattern needs to be read out, control passes 
to Step S7 for generating a random number. The process is 
performed when control passes to this routine for the first 
time, or when all the motion data in the previous animation 
pattern has been read out, i.e., when the next animation pat- 
tern needs to be selected. 

[0094] Then, in Step S8, the pattern selecting means 322 
reads an animation pattern Aj corresponding to the generated 
random number from a plurality of animation patterns Al , 
A2, An. Then, in Step S9, an index register i for read- 

ing one piece of the motion data from the animation pattern Aj 



is initialized. 

[0095] When the process in Step S9 is finished, or if it is 
determined that no animation pattern needs to be read out, 
control passes to Step SIO. In Step SIO, the texture altering 
means 324 alters the texture image based on the i-th motion 
data of the animation pattern Aj . 

[0096] Then, in Step 311, the second drawing means 326 
reads a mask pattern having a size as large as the area 106 
(see FIG. 4) corresponding to the shimmering area 150. Then, 
in Step S12 of FIG. 9, the second drawing means 326 combines 
the altered texture image and the read mask pattern to gener- 
ate a composite image. Then, in Step S13, the second drawing 
means 326 draws the generated composite image at a position 
based on the coordinate information of the area 106 in the 
background image 102. Thereafter, in Step S14, the index reg- 
ister i is updated by incrementing the value of the index reg- 
ister i by 1 . 

[0097] Next, the process of the random drawing means 302 is 
performed. In Step S15, the extracting means 310 extracts a 
drawing pattern Vpj corresponding to the present extraction 
area Pj from the drawing pattern 114 of the flame 100 drawn in 
the predetermined area of the texture buffer 244c. 
[0098] Then, in Step S16, the pattern selecting means 312 
generates a random number for selecting a mask pattern Mj . 
Then, in Step S17, the pattern selecting means 312 selects the 
mask pattern Mj corresponding to the random number from a plu- 
rality of mask patterns Ml, M2 , Mn. 

[0099] Then, in Step S18, the first drawing means 314 com- 
bines the extracted drawing pattern VPj and the selected mask 
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pattern Mj to generate a composite image. In Step S19, the 
first drawing means 314 draws the generated composite image at 
a position based on the coordinate information of the flame 
100, i.e., at the substantially central area 104 in the shim- 
mering area 106. Thereafter, in Step S20, the extraction area 
Pj is updated. That is, the extraction area is shifted down- 
wardly in each frame at a predetermined pitch. When the pres- 
ent extraction area is shifted to the last extraction area Pn 
and the bottom part of the drawing pattern 114, i.e., the 
drawing pattern VPn is extracted, the extraction area is 
shifted back to the initial area PI for extracting the top 
part of the drawing pattern 114, i.e., the drawing pattern VPl 
again . 

[0100] Next, in Step S21, the image displaying means 308 
outputs image data drawn in the image memory 24 4 to the moni- 
tor 18 so that the outputted image data can be displayed on 
the screen of the monitor 18. 

[0101] Then, in Step 322, the process determining means 306 

determines whether the viewing position has been changed or 
not. If the viewing position has not been changed, control 
passes back to Step S4 in FIG. 8 for repeating the subsequent 
steps . 

[0102] By repeating the above processing sequence in Step 
54 through Step S22, the randomly changing flame 100 and the 
shimmering area around the flame 100 can be expressed on the 
background image 102. 

[0103] If it is determined that the viewing position has 
been changed in Step S22, control passes to Step S23. In Step 
S23, the process determining means 306 determines whether or 
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not there is a program ending request (game over, power off, 
etc.) to the image drawing program 300. 

[0104] If it is determined that there is no program ending 
request, control passes back to Step SI for calculating the 
position and size of the flame 100 based on the motion data, 
and passes to Step S2 for repeating the subsequent steps. 
[0105] If it is determined that there is a program ending 
request in Step S23 in FIG. 9, the process of the image draw- 
ing program 300 is brought to an end. 

[0106] As described above, the random drawing means 302 of 
the present invention can draw an image of a randomly changing 
object such as the flame 100 by repeating a processing se- 
quence comprising the steps of extracting a partial drawing 
pattern VPj of an extraction area from a drawing pattern 114 
of the randomly changing object (flame 10 0) such that the ex- 
traction area is shifted by a predetermined distance in one 
direction in each extraction, and combining the extracted par- 
tial drawing pattern VPj and a random mask pattern Mj to draw 
a composite image. 

[0107] That is, it is possible to easily draw a realistic 

image of a randomly changing object such as a flame, smoke, or 
flowing water. Such an image can be utilized for drawing a 
background image for allowing a user to enjoy an exciting 
video game, for example. 

[0108] Further, the shimmer drawing means 304 of the pres- 

ent invention can draw a shimmering image in a background im- 
age 102 by repeating a processing sequence comprising the 
steps of randomly altering a part of the background image 102 
to generate a new altered image, combining the new image and a 
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mask pattern to generate a composite image, and drawing the 
composite image as the part of the background image 102. 
[0109] That is, it is possible to easily draw a realistic 
image of a shimmering image of an object or an area which 
shimmers under the influence of heat waves of a flame, exhaust 
air or the like. Such an image can be utilized for drawing an 
area around a flame or exhaust air from a motor vehicle in a 
background for allowing a user to enjoy an exciting video 
game, for example. 

[0110] Further, the image drawing program 300 of the pres- 

ent invention can draw an image of a randomly changing object 
and a shimmering image around the randomly changing object by 
repeating a processing sequence comprising the steps of ran- 
domly altering a part of a background image 102 to generate a 
new altered image, combining the new image and a mask pattern 
to draw a composite image as the part of the background image 
102, extracting a partial drawing pattern VPj of an extraction 
area from a drawing pattern 114 of the randomly changing ob- 
ject 100 such that the extraction area is shifted by a prede- 
termined distance in one direction in each extraction, and 
combining the extracted partial drawing pattern VPj and an- 
other mask pattern Mj to draw another composite image in the 
part of the background image 102. That is, it is possible to 
easily draw a realistic image of a randomly changing object 
such as a flame, smoke, or flowing water, and a realistic im- 
age of a shimmering image around the randomly changing object. 
Such images can be utilized for drawing a randomly changing 
flame and a shimmering area around the flame in a background 
image for allowing a user to enjoy an exciting video game, for 
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example . 

[0111] The image drawing method, the image drawing appara- 
tus, the recording medium, and the program according to the 
present invention shall not be limited to the particular 
embodiment disclosed herein. It will be apparent to a person 
skilled in the art that numerous modifications and variation 
may be made without departing from the spirit and scope of the 
invention . 
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